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[Claim(s)] 

[Claim 1]A fire-resistant electrolyte, wherein an organic solvent contains a piperidine compound 
denoted by a general formula (1) in an electrolyte which dissolved electrolyte salt in an organic solvent. 
[Chemical formula 1] 
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[Claim 2]The fire-resistant electrolyte according to claim 1 whose R ls R 2 , R3, and R 4 above-mentioned 
R 0 expresses an alkyl group with 1-18 carbon atoms, and are methyl groups. 

[Claim 3]The fire-resistant electrolyte according to claim 1 or 2 in which the above-mentioned organic 
solvent contains one or more sorts chosen from a group of a nonaqueous solvent which consists of 
carbonate, lactone, ether, sulfolane, and dioxolanes. 

[Claim 4]The above-mentioned electrolyte salt A lithium ion, PF 6 , BF 4 , C10 4 , And mineral salt which 

consists of an anion of AsF 6 or SO3CF3, The fire-resistant electrolyte according to claim 1, 2, or 3 which 

consists of combination with at least one sort or two sorts or more of salts chosen from a group of 
organic salt which consists of an anion of N(CF 3 S0 2 ) 2, C(CF 3 S0 2 ) 3, and these derivatives. 

[Claim 5]The fire-resistant electrolyte containing a phosphoric ester compound denoted by the following 
general formula (2) and/or (3) according to any one of claims 1 to 4. 
[Chemical formula 2] 
XO) B Rn 

0= V 0R2! (2) 
OR33 

[Chemical formula 3] 

R44 (O) „\ /°V. , s 

O 0 

() [ R n R 2 2, R 33 , and R 44 ] [ the alkyl group or fluorine atom substituted alkyl group of the straight 
chain shape of the carbon numbers 1-4, or the letter of branching ] [ express and ] ;m;R 55 from which 
R1 1? R 2 2, aud R 33 may differ mutually indicates the alkylene group of the straight chain shape of the 
carbon numbers 2-8 or the letter of branching to be shows 0 or 1. 

[Claim 6] A nonaqueous electrolyte secondary battery containing the fire-resistant electrolyte according 
to claim 1 to 5. 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the piperidine compound which has a specific structure, 
and the fire-resistant electrolyte which contains phosphorus compounds if needed further in detail about 
nonaqueous electrolyte excellent in fire retardancy. 
[0002] 

[Description of the Prior Art]The necessity for a secondary battery with the higher energy density for the 
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small weight saving of portable devices, such as a notebook PC, a video camera, and a cellular phone, is 
increasing. Utilization of the electromobile which does not discharge an air pollution substance is 
considered. However, for utilization of an electromobile, a cell with energy density higher than the 
present lead cell needs to be developed. 

[0003]The lithium battery is known as a cell which has such high energy density. Propylene carbonate 
which is a high permittivity solvent as nonaqueous electrolyte at a lithium battery, To solvents, such as 
gamma-butyrolactone and sulfolane, as a solvent of hypoviscosity Dimethoxyethane, What dissolved 
electrolytes, such as LiBF 4 , LiPF 6 , LiCl 4 , LiAsF 6 , L1AICI4, and LiSiF 6 , in the solvent which mixed 

tetrahydrofuran, 1,3-dioxolane, etc. is used. 

[0004]However, since the solvent used for such nonaqueous electrolyte is a compound which burns 
easily, there is a possibility of becoming a cause of a fire by short-circuit etc. The lithium ion in an 
electrolyte is incorporated into the positive active material which constitutes a positive electrode at the 
same time a lithium ion begins to melt into an electrolyte out of the negative electrode active material in 
which negative electrode active material constitutes a negative electrode from a discharge reaction in the 
lithium battery which is lithium or a lithium alloy. On the other hand, in a charge reaction, the lithium 
ion in an electrolyte is incorporated as lithium into negative electrode active material. In this case, 
lithium in positive active material begins to melt into an electrolyte at the same time a lithium ion 
deposits as a lithium metal. If the lithium which deposited as a lithium metal in the negative electrode 
does not deposit uniformly on the lithium surface but generally deposits locally on it at the time of the 
charge from which such a charge reaction occurs, By making that into a growth nucleus, lithium grows 
up to be arborescent (called a dendrite), grows the inside of an electrolyte, finally contacts a positive 
electrode, and causes short-circuit. At this time, in order that a high current may flow for a short time, it 
may ignite. Since the high energy which the cell has will be released at once especially in the cell 
formed into the high energy density if it should short-circuit, the measure which prevents a fire is 
indispensable. 

[0005]Conventionally, the method of avoiding an overcharge, overdischarge, and the fire by external 
short-circuit has been taken using an external safety device. However, when it short-circuited inside a 
cell, the external security apparatus had the problem that it did not act. Then, development of a safe cell 
independent of an external security apparatus is needed. 

[0006]Even if the above-mentioned negative electrode active material is lithium or not a lithium alloy 
but the substance which carries out occlusion discharge of the lithium ion, for example, a carbon 
material, at the time of an overcharge, a lithium metal may deposit on the carbon surface, this may serve 
as a growth nucleus, a dendrite may grow, and short-circuit may be caused. 
[0007]From the former, fire retardancy-ization of the solvent is known as a method for safe-izing 
independent of an external safety device. As the fire retardancy-ized method, adding fire-resistant 
compounds, such as phosphoric ester and a halogenated compound, to an electrolyte is proposed. For 
example, although using phosphoric ester compounds, such as trimethyl phosphate and tricresyl 
phosphate, is proposed by JP,H4- 184870, A, JP,H6-283205,A, and JP,H8-22839,A, In order to acquire 
sufficient fire retardancy, the phosphoric ester compound needed to be added so much. However, when 
these compounds are used so much, charge-and-discharge efficiency falls, or there is a fault to which 
lithium deposits to arborescent at the time of charge, and it cannot be satisfied practically. 
[0008]In order to improve the impregnating ability to the separator of an electrolyte, using a little 
phosphorus compounds, such as phosphate and phosphonate, is proposed by JP,H2-244565,A, but. In 
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order to improve the fire retardancy of an electrolyte, it is not indicated at all that a phosphoric ester 
compound is effective. 

[0009]In order to improve the burst reaction of a cell, adding a hindered amine system compound is 
proposed by JP,H10-154531,A, but the fire retardancy of the electrolyte is not indicated at all, either. 
[0010]Therefore, the purpose of this invention is to provide the nonaqueous electrolyte secondary 
battery using the fire-resistant electrolyte and this fire-resistant electrolyte which have the outstanding 
fire retardancy, without having a bad influence on a battery characteristic. 
[0011] 

[Means for solving problem]By using the piperidine compound which has a specific structure, and the 
fire-resistant electrolyte which made phosphorus compounds contain if needed further, ignition of an 
electrolyte was controlled and this invention persons acquired the knowledge of being effective in the 
improvement in safety of a cell, as a result of repeating examination variously in view of this present 
condition. 

[0012][ in the electrolyte which this invention was made based on the above-mentioned knowledge, and 
dissolved electrolyte salt in the organic solvent ] [ this organic solvent ] [ the piperidine compound 
denoted by a general formula (1) ] The nonaqueous electrolyte secondary battery using the fire-resistant 
electrolyte and this fire-resistant electrolyte containing the phosphoric ester compound denoted by the 
general formula (2) and/or (3) if needed furthermore is provided. 
[0013] 

[Chemical formula 4] 
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[0014] 

[Chemical formula 5] 
XO) a Rn 
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[0015] 

[Chemical formula 6] 
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() [ R u , R 22 , R33, and R 44 ] [ the alkyl group or fluorine atom substituted alkyl group of the straight 

chain shape of the carbon numbers 1-4, or the letter of branching ] [ express and ] ;m;R 55 from which 

R u , R 2 2, and R 33 may differ mutually indicates the alkylene group of the straight chain shape of the 

carbon numbers 2-8 or the letter of branching to be shows 0 or 1. 
[0016] 

[Mode for carrying out the invention]Hereafter, the fire-resistant electrolyte and nonaqueous electrolyte 
secondary battery of this invention are explained in full detail. 

[0017][ in the compound denoted by the above-mentioned general formula (1) ] [ as an alkyl group 
denoted by R 0 ] Methyl, ethyl, propyl, isopropyl, butyl, the 2nd butyl, tertiary butyl, Isobutyl, amyl, the 

2nd amyl, hexyl, heptyl, octyl, Isooctyl, the 2nd octyl, 2-ethylhexyl, nonyl, decyl, dodecyl, etc. are 
mentioned, and methyl, ethyl, propyl, and butyl are mentioned as an alkyl group denoted by Ri, R 2 , R3, 

and R 4 . As an alkanetriyl group denoted by R in X, ethanetriyl, propanetriyl, butanetriyl, bird 

methylpropanetriyl, bird methylethanetriyl, etc. are mentioned. As R 5 in N-R 5 denoted by A, methyl, 

ethyl, propyl, isopropyl, butyl, the 2nd butyl, tertiary butyl, isobutyl, amyl, the 2nd amyl, hexyl, heptyl, 
octyl, isooctyl, the 2nd octyl, 2-ethylhexyl, etc. are mentioned, for example. It is expressed with B and, 
[ as an n-valent acyl group or carbamoyl group ] For example, acetyl, benzoyl, 4-trifluoro 
methylbenzoyl, SARICHIROIRU, OKIZAROIRU, dibutylcarbamoyl, a tolylene dicarba moil, a 
hexamethylenedicarba moil, malonyl, succinyl, horse mackerel POIRU, phthaloyl, propane- 1,2,3- 
tricarbonyl, butane- 1,2, 3, 4-tetracarbonyl, etc. are mentioned. Ethylene, propylene, trimethylene, 
tetramethylen, etc. are mentioned as an alkylene group denoted by R 6 . [ as an alkyl group denoted by B 

and R 7 ] Methyl, ethyl, propyl, isopropyl, butyl, the 2nd butyl, tertiary butyl, Isobutyl, amyl, the 2nd 

amyl, hexyl, heptyl, octyl, isooctyl, the 2nd octyl, 2-ethylhexyl, methoxymethyl, methoxy ethyl, 
methoxy ethoxyethyl, ethoxyethyl, etc. are mentioned. Ethylene, 1,2-propylene, trimethylene, 
tetramethylen, etc. are mentioned as an alkylene group which R 2 and B combine and form, and oxa 

diethylene etc. are mentioned as an oxa dialkylene group. 

[0018][ as a piperidine compound denoted by the above-mentioned general formula (1) ] Although a 
synthesizing method in particular is not limited, N-oxyl piperidine compound is obtained with a 
hyperoxidation compound and metal oxide catalysts, such as hydrogen peroxide, for example in a 
hindered amine compound system, It is compoundable by the reaction of this N-oxyl piperidine 
compound and the methyl radical generated by the pyrolysis of the di-t-butyl peroxide in the inside of an 
inert solvent like chlorobenzene. 

[00 19] As the above-mentioned hindered amine system compound, for example 2,2,6, 6-tetramethyl 4- 
piperidine, 2, 2, 6, and 6-tetramethyl 4-piperidone, 2, 2 and 6, and 6-tetramethyl 4-piperidyl methyl 
methacrylate, 2, 2, 6, and 6-tetramethyl 4-piperidyl benzoate, 2, 2 and 6, and 6-tetramethyl 4-piperidyl 
stearate, 2,2,6,6-tetramethyl 4-piperidyl benzoate, bis(2, 2, 6, and 6-tetramethyl 4-piperidyl)sebacate, Bis 
(1-octoxy 2, 2, and 6, 6-tetramethyl 4-piperidyl) sebacate, Tetrakis (2, 2, 6, and 6-tetramethyl 4- 
piperidyl)-l, 2 and 3, 4-butanetetracarboxylate, Bis(2,2,6,6-tetramethyl 4-piperidyl)bis(tridecyl)-l, 2 and 
3, 4-butanetetracarboxylate, Bis(l,2,2,6,6-pentamethyl 4-piperidyl)-2-butyl-2-(3,5-JI tertiary butyl 4- 
hydroxybenzyl) malonate, l-(2-hydroxyethyl)-2,2,6,6-tetramethyl 4-PIPERIJINORU / diethyl succinate 
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polycondensation thing, l,6-bis(2,2,6,6-tetramethyl 4-piperidyl amino)hexane / dibromoethane 
polycondensation thing, A l,6-bis(2,2,6,6-tetramethyl 4-piperidyl amino)hexane / 2,4-dichloro-6- 
morpholino s-triazine polycondensation thing, 1,6 - Bis(2,2,6,6-tetramethyl 4-piperidyl amino)hexane / 
2,4-dichloro-6-third octyl amino-s-triazine polycondensation thing, 1,5,8,12-tetrakis [2,4-bis(N-butyl-N- 
(2,2,6,6-tetramethyl 4-piperidyl) amino)-s-triazine 6-yl] -1,5,8, 12-tetraaza dodecane, 1,6,1 1-tris [2,4-bis 
(N-butyl-N-(2,2,6,6-tetramethyl 4-piperidyl) amino-s-triazine 6-ylamino)undecane, a 3,9-screw [1,1- 
dimethyl- 2-{tris (2,2,6,6-tetramethyl 4-piperidyloxy carbonyloxy) butyl carbonyloxy} ethyl] -2, 4, 8, 10- 
tetraoxaspiro [5.5]Undecane etc. are mentioned. 

[0020]Therefore, as a compound denoted by the above-mentioned general formula (1), following 
compound No.l - No. 19 grade are mentioned. However, thereby, this invention does not receive 
restriction at all. 
[0021] 

[Chemical formula 7] 
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[Chemical formula 8] 
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[0023] 

[Chemical formula 9] 
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[0024] 

[Chemical formula 10] 



,-O-N 



CH 3 -Q-N O-C2H4-O-CH3 ffr&ttN o . 4 



[0025] 

[Chemical formula 1 1] 
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^CH 3 



[0026] 

[Chemical formula 12] 
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[0027] 

[Chemical formula 13] 



CH3-O- 
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[0028] 

[Chemical formula 14] 
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0-C-CH 3 ft-&#3N0.8 



[0029] 

[Chemical formula 15] 



CH 3 - 
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[0030] 

[Chemical formula 16] 
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[0031] 

[Chemical formula 17] 
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[0032] 

[Chemical formula 18] 
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[0033] 

[Chemical formula 19] 
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[0034] 

[Chemical formula 20] 
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[0035] 

[Chemical formula 21] 
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[0036] 

[Chemical formula 22] 



CH 3 — O-N 
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[0037] 

[Chemical formula 23] 



CH 3 — 0 
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[0038] 

[Chemical formula 24] 





N— 0— C B H l7 fl^ttNo. 18 



[0039] 

[Chemical formula 25] 




ft^ftNo. 1 9 



[0040]The amount of the compound used denoted by the above-mentioned general formula (1) has 
preferred 0.01 - 30 mass % to the organic solvent which constitutes an electrolyte, and especially its 0.1 
- 20 mass % is preferred. Since the characteristics as a cell will be reduced if fire retardancy-ized effect 
with the amount sufficient by less than 0.01 mass % of the compound used denoted by the above- 
mentioned general formula (1) is not acquired but it adds exceeding 30 mass %, it is not desirable. 
[0041]It will not be limited especially if it is an organic solvent usually used for the electrolyte of a 
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nonaqueous electrolyte secondary battery as an organic solvent, For example, a carbonate compound, a 
lactone compound, an ether compound, a sulfolane compound, They are mentioned by a dioxolane 
compound, a ketone compound, a nitryl compound, halogenated hydrocarbon compound, etc., and 
specifically, Dimethyl carbonate, methylethyl carbonate, diethyl carbonate, Ethylene carbonate, 
propylene carbonate, ethylene glycol dimethyl carbonate, Propylene glycol dimethyl carbonate, ethylene 
glycol diethyl carbonate, carbonate [, such as vinylene carbonate, ]; ~ lactone [, such as gamma- 
butyrolactone ]; ~ tetrahydrofuran. 2-methyltetrahydrofuran, 1,4-dioxane, anisole, Ether, such as mono- 
glyme; Ketone; acetonitrile, such as dioxolane; 4-methyl-2-pentanone, such as sulfolane; 1,3-dioxolanes, 
such as sulfolane and 3-methylsulfolane, Halogenated hydrocarbon, such as nitrile; 1,2-dichloroethane, 
such as propionitrile, butyronitrile, valeronitrile, and benzonitrile; In addition to this, methyl formate, 
Dimethylformamide, dimethylthioformamide, dimethyl sulfoxide, etc. may be mentioned and they may 
be two or more of these mixtures. Since carbonate, lactone, ether, sulfolane, and dioxolanes are excellent 
in electrolytic solubility, permittivity, and viscosity among these organic solvents, it is desirable. 
[0042] [ as electrolyte salt of nonaqueous electrolyte used for this invention ] LiPF 6 , LiBF 4 , LiC10 4 , 

LiAsF 6 , CF3SO3U N(CF 3 S0 2 ) 2 U C(CF 3 S0 2 ) 3 Li, Lil, LiAlCl 4 , They are mentioned by NaC10 4 , 

NaBF 4 , Nal, etc. and Inorganic salts, such as LiPF 6 , LiBF 4 , LiC10 4 , and LiAsF 6 . Or since organic 

lithium salt, such as CF 3 S0 3 Li, N(CF 3 S0 2 ) 2 Li, and C(CF 3 S0 2 ) 3 Li, is excellent in an electrical 

property, it is desirable. 

[0043]As for especially the above-mentioned electrolyte salt, it is preferred to dissolve in the above- 
mentioned organic solvent so that 0.1-3.0 mol/1. of concentration in the electrolyte may become in 1. and 
0.5-2.0 mol /. If the concentration of this electrolyte salt is smaller than 1. in 0. 1 mol /, sufficient current 
density may not be obtained, and the stability of an electrolyte may be spoiled when larger in 3.0 mol / 
than 1. 

[0044]Fire retardancy improves further by making the organic solvent which constitutes an electrolyte 
contain the phosphoric ester compound further denoted by the general formula (2) and/or (3) in addition 
to the N-oxyl 2,2,6, 6-tetramethyl 4-piperidine compound denoted by the above-mentioned general 
formula (1). [ in the phosphoric ester compound denoted by the above-mentioned general formula (2) 
and/or (3) ] [ as an alkyl group of the carbon numbers 1-4 denoted by R n , R 22 , R 33 , and R^ ] Methyl, 

ethyl, propyl, isopropyl, butyl, the 2nd butyl, t-butyl, isobutyl, etc. are mentioned. As a fluorine atom 
substituted alkyl group, trifluoroethyl, difluoro ethyl, Monofluoroethyl, pentafluoro propyl, 2,2,3,3- 
tetrafluoro propyl, 1,1,1-trifluoro isopropyl, 1,3-difluoro 2-propyl, To hexafluoro isopropyl and 
2,2,3,3,4,4,4-, PUTAFURUORO isopropyl, 2,2,3,3,4,4,4-hexafluoro butyl, hexafluoro 2-methyliso 
propyl, 3,3,4,4,4-heptafluoro 2-butyl, 4,4,4-trifluoro butyl, perfluoro t-butyl, etc. are mentioned. 
Ethylene, propylene, trimethylene, tetramethylen, ethylethylene, etc. are mentioned as an alkylene group 
of the straight chain shape of the carbon numbers 2-8 denoted by R 55 , or the letter of branching. 

[0045] [ as a phosphoric ester compound denoted by a general formula (2) ] Trimethyl phosphate, 
dimethylethyl phosphate, methylethyl propyl phosphate, Methyldi ethyl phosphate, triethyl phosphate, 
bird propyl phosphate, Tributyl phosphate, dimethylmethane phosphonate, diethyhnethane phosphonate, 
dimethylethane phosphonate, di-(2,2,2-trifluoroethyl)metliane phosphonate, di-(2,2,2-trifluoroethyl) 
ethane phosphonate, etc. are mentioned. [ as a phosphoric ester compound denoted by a general formula 
(3) ] Methyl ethylene phosphate, methyl trimethylene phosphate, ethylethylene phosphate, 2,2,2- 
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trifluoroethyl ethylene phosphate, methyl-2,2-dimethyl- 1,3 -propylene phosphate, ethylenemethane 
phosphonate, ethyleneethane phosphonate, etc. are mentioned. 

[0046]The amount of the phosphoric ester compound used denoted by the above-mentioned general 
formula (2) and/or (3) has preferred 5-100 mass % to the organic solvent which constitutes an 
electrolyte, and especially its 10 - 100 mass % is preferred. Fire retardancy-ized effect sufficient by less 
than 5 mass % is not acquired. 

[0047]The fire-resistant electrolyte of this invention can be prepared by usually dissolving a phosphoric 
ester compound and the above-mentioned electrolyte salt in an organic solvent the above-mentioned N- 
oxyl 2,2,6,6-tetramethyl 4-piperidine compound and if needed by a publicly known method. 
[0048]The nonaqueous electrolyte secondary battery of this invention cannot receive restriction about 
other constituent features of the organic solvent and electrolyte salt which constitute the above- 
mentioned nonaqueous electrolyte secondary battery, i.e., a positive electrode, a negative electrode, and 
a separator in particular, but various materials used for the nonaqueous electrolyte secondary battery can 
be conventionally used for it as they are. 

[0049]Here, [ as positive active material which constitutes the above-mentioned positive electrode ] For 
example, TiS 2 , TiS 3 , MoS 3 , FeS 2 , Li (1 _ x) Mn0 2 , Li (1 _ x) Mn 2 0 4 , Li (1 _ x) Co0 2 , Li (1 _ x) Ni0 2 , V 2 0 5 , 

V 6 0 13 , etc. are mentioned, x in illustration of this positive active material shows the number of 0-1. 

[0050]As negative electrode active material which constitutes the above-mentioned negative electrode, 
inorganic compounds, such as lithium, a lithium alloy, and a tin compound, a carbonaceous material, a 
conductive polymer, etc. are mentioned, for example. 

[005 1][ as thermoplastics which the separator made of thermoplastics is used and is used for 
manufacture of this separator made of thermoplastics as the above-mentioned separator, for example ] 
For example, high density polyethylene, low density polyethylene, straight-chain-shape low density 
polyethylene, Polyolefmes, such as polypropylene, the polybutene 1, Polly 3-methylpentene, and 
ethylene propylene rubber, Although these mixtures [, such as fluororesin, polystyrene, 
polymethylmethacrylate and polydimethylsiloxane, ], such as polytetrafluoroethylene, are mentioned, 
polyolefine is preferred from viewpoints of molding workability, chemical resistance, mechanical 
strength, etc. especially. 

[0052]The above-mentioned separators made of thermoplastics may be double layer structures, such as a 
thing which made low melting point thermoplastics film production, high-melting thermoplastics film 
production, or a nonwoven fabric laminate, in order to prevent the jet or explosion of the cell content by 
pyrexia by shunt. 

[0053]The shape in particular of the nonaqueous electrolyte secondary battery of this invention which 
consists of the above-mentioned composition does not receive restriction, but can use it as a cell of 
various shape, such as flat (button type), cylindrical, and a square shape. What changed the composition 
suitably in the range which does not spoil the effect of this invention can be used for the nonaqueous 
electrolyte secondary battery of this invention. Drawing 1 shows the cylindrical example of the 

nonaqueous electrolyte secondary battery of this invention. In the figure, a negative electrode and 1' for 
1 a negative electrode board and 1 " a negative electrode lead and 2 A positive/negative current 
collection object, 3 ~ a positive electrode and 4 ~ a positive electrode lead and 5 ~ an electrolyte and 6 
~ a separator and 7 — a positive electrode terminal and 8 — a negative electrode terminal and 10 ~ an 
electric insulating plate and 13 show a gasket, 14 shows a safety valve, and, as for a case and 12, a 
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nonaqueous electrolyte secondary battery and 1 1 show an PTC element 15, respectively. 
[0054]Drawing_2_is a schematic diagram showing the basic composition of the lithium secondary battery 

which is a nonaqueous electrolyte secondary battery which used the fire-resistant electrolyte of this 
invention. The lithium secondary battery which is the nonaqueous electrolyte secondary battery 10 
shown in drawing 2 comprises at least the negative electrode 1, the negative electrode current collection 

object 2, the positive electrode terminal 7, and the negative electrode terminal 8 which are constituted as 
an active material in lithium or a lithium alloy. This lithium secondary battery can use components other 
than the above usually used for a nonaqueous electrolyte secondary battery if needed. 
[0055]The N-oxyl 2, 2, and 6, the 6-tetramethyl 4-piperidine compound by which the above-mentioned 
lithium secondary battery is expressed with the above-mentioned general formula (1) as the above- 
mentioned electrolytes 5, Since the fire-resistant electrolyte of this invention containing the phosphoric 
ester compound furthermore denoted by said formula general formula (2) and/or (3) if needed is used, 
ignition of an electrolyte is controlled and it is effective in improvement in the safety of a cell. 
[0056] 

[Working example]Hereafter, an embodiment explains this invention in detail. However, this invention 

is not restricted by the following embodiment. 

[005 7] [Embodiments 1-11 and the comparative examples 1-7] 

(The fire retardancy of an electrolyte, and valuation method of electric conductivity) Propylene 
carbonate (PC) 100 mass part, [ the organic solvent which consists of each phosphoric ester compound 
Y mass part (it is a loadings notation to Table 1 and 2) shown in each 2,2,6,6-tetramethyl 4-piperidine 
compound X mass part and Table 1 and 2 showing in Table 1 and 2 ] After measuring the electrolyte 
which dissolved LiPF 6 by the concentration of 1 mol/1. on a 2-ml petri dish and making it burn for 5 

seconds by the burner of 5-cm flame, the oxygen index (O. I.) when intercepting a burner and continuing 
burning for 3 more minutes was measured. Electric conductivity (mS/cm) was measured at 10 kHz using 
impedance meter. The result is shown in Table 1 and 2. 
[0058] 
[Table 1] 
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[0059] 

[Chemical formula 26] 

CH 3 -N Vo-C-C=CH 2 ttfift^No. 1 



[0060] 

[Chemical formula 27] 




[0061] 
[Table 2] 
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[0062]From the result of above-mentioned Table 1 and 2, even if it makes an electrolyte contain a 2, 2 
and 6 other than compound used by this invention, and 6-tetramethyl 4-piperidine compound, the fire- 
resistant improvement effect will reduce not only not accepting but electric conductivity. Electric 
conductivity will be reduced, when the fire-resistant improvement effect with a phosphoric ester 
compound is small and it blends so much. 

[0063]On the other hand, if an N-oxyl 2,2, 6, 6-tetramethyl 4-piperidine compound and the fire-resistant 
electrolyte of this invention which contains a phosphoric ester compound if needed further are used, it is 
possible to improve the fire retardancy of an electrolyte by a little addition, and it is effective in the 
improvement in safety. 
[0064] 

[Effect of the Invention]The fire-resistant electrolyte of this invention has advanced fire retardancy, 
without being able to give fire retardancy by addition of a little phosphoric ester compounds, and 
reducing the performance as a cell by adding an N-oxyl 2,2,6,6-tetramethyl 4-piperidine compound. 



[Brief Description of the Drawings] 

[Drawing llDrawing 1 is a perspective view showing the internal structure of the lithium secondary 

battery (cylindrical) as a nonaqueous electrolyte secondary battery of this invention as a section. 
[Drawing 2]Drawing 2 is a ** figure showing the basic composition of the lithium secondary battery as 

a nonaqueous secondary battery of this invention. 
[Explanations of letters or numerals] 
1 : negative electrode 
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V: Negative electrode board 
1": Negative electrode lead 

2 : positive/negative current collection object 

3 : positive electrode 

4 : positive electrode lead 

5 : electrolyte 

6 : separator 

7 : positive electrode terminal 

8 : negative electrode terminal 

10: Nonaqueous electrolyte secondary battery 
1 1 : Case 

12: Electric insulating plate 

13: Gasket 

14: Safety valve 

15: PTC element 



[Drawing 11 
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[Translation done.] 
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Ro-O-N 





X-A 



B 



(1) 



(Throughout the formula, Ro represents an alkyl group with a carbon atom number of 1 - 
18; Ri, R2, R3, and R4 represent alkyl groups with a carbon number of 1 - 4; n represents 




CH 



an integer between 1 - 6, X represents 



or 




R represents an alkanetriyl group with a carbon number of 2 - 10; A represents 



N 



0 



R 



, or a direct bond; R 5 represents an alkyl group 



with a carbon number of 1 - 10; B represents hydrogen, an alkyl group that may have an 
ether bond with a carbon number of 1 - 10, an n-valent acyl group, or a carbamyl group, 



0 



C-0 




0 
II 

Re - 0- C-0 




R7 



or 



represents an alkylene group with a carbon number of 1 - 10; R 7 represents an alkyl 



group that may have an ether bond with a carbon number of 1 - 10 or 



fc Ro-O-N 




; m represents 0 or 1 ; B may be bonded with 



R5 and may represent an alkenyl group or an oxadialkenyl group.) 



